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INTRODUCTION 


Swaling has been employed on a very large scale in Finnish agriculture 
for many centuries. It was the chief form of cultivation particularly in the 
Finnish interior as recently as the 19th century, and even in the begin- 
ning of the present century it was quite common in places in the provinces 
of Savo and Karelia. Usually one to five crops — sometimes even more than 
10 — were taken from a burned area in swaling culture. Thereaftes the 
area was left to natural reforestation. On the most fertile sites swaling 
might be repeated as frequently as every Sth year, while on the most bar- 
ren sites it could be done only once in over 30 years. It follows that this 
form of cultivation required vast areas of land, and in some regions more 
than 4/5 of the productive upland was swaled. Heikinheimo (1915) 
presented a very thorough analysis of the significance of swaling in for- 
estry. 

The burned ground was usually taken over by pine, birch and alder; 
and the more frequently a site was swaled, the more hardwood-dominated 
the forests became. Legislative measures were taken very early to restriet 
cultivation by swaling. The oldest statutes on this matter date back to the 
16th century. In the latter half of the 19th century the Forest Service 
prohibited free burn-eropping on State lands, but forest sites assigned by 
the local forester could be rented for swaling provided the cropper had the 
burned site sown with conifer seed. The site also had to be fenced off, and 
the fences had to be maintained for at least 8 years. In this way, a large 
number of low-value alder woods were converted to stands of more valuable 
species. The first mention of sowing of pine seed on swaled land probably 
dates back to 1864 at Evo. Ericsson (1901) recommended that swaling 
should be included in the programme of the forest research institute, the 
foundation of which had been proposed by the Finnish Forestry Union. 

If swaling of a site was done only once, the result might be the growth 
of a very beautiful stand of pines. A greater number of these stands probably 
grew after wild forest fires. As early as the latter half of the 19th century 
these beautiful stands led foresters to consider the utilization of fire as a 
means of converting stands of stunted or worthless species into more valuable 
pine stands. In his textbook, Blomqvist (1881) states that the best 
pine stands in Finland grow on swaled or burned lands, and similar obser- 
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vations were made by Hackstedt (1908). It was probably on the 
initiative of Blomqvist that, during the first year of the Evo Ranger 
School in 1875, the first prescribed burning exclusively for purposes of 
silviculture was carried out in Finland. 

In Finland the chief objective of prescribed burning in forestry is the 
improvement of the productivity of the site, while the immediate purpose 
is to ensure reforestation. Some of the most serious obstacles to natural 
regeneration are a heavy layer of raw humus and the thick grass vegetation 
that often occurs on clear-cut areas. On dry or fairly dry land, which by 
its nature is most suitable for pines, there is often a thick undergrowth of 
spruce that completely prevents the growth of pines. Previously, seed trees 
were frequently left standing on the burned site, but it proved to be very dif- 
ficult to protect them, and in consequence clear cutting and reforestation after 
burning have been adopted instead. In the United Statesof America, prescribed 
burning is generally done in order to promote reforestation with pine trees 
and. to decrease the danger of wild. forest fires (Little 1953). The slash 
is burned so early in the spring that the fire is not able to attain great inten- 
sity. Prescribed burning of woodland has been done in the southern States 
to decrease the shrub and grass vegetation that compete for nutrients. 
The strength of the fire has been kept low enough to avoid damage to the 
trees. 


Fig. 1. Right 140-year-old VT-spruce stand, left 40-year-old pine stand on swaled site. Both 125 
cu. m per ha, annual growth spruce 2.1, pine 6.7 cu. m per ha. Ahtäri. Photo August 1957. 
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This study attempts primarily to analyze the effects of burning upon 
the nutrient status of the soil. Particular attention is paid to the question 
of whether burning causes the leaching of nutrients, and also to the effect 
of burning on the mobilization of nitrogen. An attempt is also made to 
summarize the advantages and disadvantages of burning. 

ey T 

This study has been under work for a long time, ever since 1951, and 
is finally ready for the press. The author’s cordial thanks are due to the 
several persons in the field and in the laboratory for the care and skill 
with which they have performed their work, and to the colleagues who 
have offered constructive criticism on the manuscript. 


HISTORICAL SURVEY OF PRESCRIBED BURNING 


Early Developments 


The subject of discussion at the convention of the Forest Association 
on September 9, 1882 (SMJ. 1883), was the experience acquired in the 
utilization of swaling or prescribed burning in reforestation. According to 
Borenius, the burning of slashwood (which in some respects is similar 
to prescribed burning) had been employed to some extent at Mustiala, as 
had also been done at Evo according to Blomqvist. It was pointed 
out by Blomqvist that in Sweden burning had been done in con- 
nection with clear cutting. At the same meeting, E. Wrede provided 
the first instructions on prescribed burning, and stated that the largest- 
scale burning he had carried out was 5 hectares. Among the advantages 
of prescribed burning that were mentioned, it was stated that land could 
be prepared thereby for regeneration while brushwood and useless saplings 
were destroyed. Among the disadvantages of burning were the danger of 
forest fire and the fact that burning promotes grass vegetation with the 
consequent conversion of the land into pasture. The burning of barren 
land was not recommended. The question was also dealt with at a number 
of other meetings of the Finnish Forest Association. Fellman stated 
that fire was the only device by which the vast cutting areas of northern 
Finland could be reforested, and some of the foresters present regarded it 
as being advisable also in southern Finland (SMJ. 1905). Also Cajander 
(1910) appears to have favoured burning. Among the dissenting opinions 
was the statement by Heikel (1905) that fire was one of the most 
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Fig. 2. ery wel growing 21-year-old pine stand on a burned VT-site. 

Average height 8 m, 2 700 stems per ha. Ähtäri. Photo K. Leiwo March 1969. 
serious factors causing destruction to forest. However, he was probably 
referring chiefly to wild forest fires. The reforestation occurring after burn- 
ing is elucidated e.g. by Vuori (1913) and Heikinheimo (1915). 

Similar discussions producing similar statements were also held in Swe- 
den. These centred upon the burning of heather, which was particularly 
common in southern Sweden, and was done especially to improve pasture 
lands. On this subject, the first study based on sample plot material was 
made of the silvicultural effects of prescribed burning (Wibeck 1912). 
In this study, the result was reached that burning leads to good regeneration 
provided that the burning is not too intense: the number of seedlings was 
clearly greater on the burned areas than on unburned ones. 

The first person in Finland to carry out large-scale prescribed burning 
was G. Wrede, the district forester at Parkano. Some of the areas he 
had burned about 1910 are included among the earliest burned sites dealt 
with in the present study. Annual statistical data on the areas burned are 
not available for the first two decades of the present century, but the overall 
amount of land was probably fairly small. 

Uggla (1958) and Ahlgren & Ahlgren (1960) prepared 
very detailed summaries of literature dealing with prescribed burning and 
other uses of fire for silvicultural purposes. By means of this literature it 
is possible to construct a fairly complete picture of prescribed burning and 
its purposes in various circumstances. 


a 
= 
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Development of Prescribed Burning 


Prescribed burnings were carried out for educational purposes at the 
Tuomarniemi Ranger School at the time during which Ernst Nylander 
was the school principal (1903—1909). The school’s Silviculture Book, vol. I, 
mentions prescribed burnings done in 1906 and 1908, and the picture in 
the article by Cajander (1910) is probably of one of these burnings. 
Evidently, the question was generally one of the burning of slash in a stand 
subjected to shelterwood cutting. But burning was also done after clear 
cutting. The annual report from 1908 states that attempts were made to 
convert old stunted spruce stands into pine stands by means of prescribed 
burning. Burning on a larger scale, however, was done only after Arvid 
Borg became principal of this Ranger School in 1911. The first official 
directions for State-owned lands were given by Forest Service in the Cir- 
cular Letter No. 2543, April 26, 1919. Itissignedby Cajander and Borg. 

The practice of prescribed burning grew slowly but definitely. The 
increasing amount of interest should be ascribed to Borg. He had cutting 
areas burned every year, and experiments were carried out with various 
methods of burning and reforestation (Borg 1926 b, 1928 and 1930). 
Broadcast sowing on snow was found to be the cheapest method of reforesta- 
tion, and also a fairly good one. The disadvantage with this type of reforesta- 
tion is the rather great consumption of seed, which amounts to about 1 kilo- 
gram per hectare. Laitakari recommended the burning of clear-cut 
moist woodland, but not of dry or rocky land. Discussing burning for natural 
seeding, he refers to the danger of destroying the seed trees (Ilvessalo 
&Laitakari 1930). 

Figure 3 shows the amount of land prescribe-burned during the various 
years since 1923. The data on State lands were obtained from the reports 
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of the Forest Service, those on private lands from the reports of the Tapio 
Central Forestry Board, and the data on the forests of the timber companies 
from the publications of Lindfors (1963, 1964) and Linnamies 
(1966). By 1930 prescribed burning had already become quite common, 
especially on State lands, but subsequently a rapid decline set in. It is 
difficult to ascertain the reasons for this decline, but there may be several 
of these. According to the statistics, prescribed burning for natural seeding 
was very wide-spread initially, and in some cases the burned areas were 
quite large ones. Pöntynen (1926) urged great caution in the burning 
of seed tree lands. When the seed trees died over a large burned area that 
was intended for natural reforestation, the regeneration might be very poor 
in the centre of the area (cf. Hesselman 1934). According to Uggla 
(1957), the heat of the flames that was generated during burning may be 
above 1 000”C, while it was as high as 100”C even at a height of 12 metres. 
According to Russian studies, the temperature is frequently 500—700°C 
(Melehov 1947). Consequently, to prevent the seed trees from dying 
during the burning, very efficient protective measures are required. 
According to some old instructions, prescribed burning should be done 
so early in spring that the ground is still frozen. Then, only the driest part 
of the slashwood will burn, and even the moss layer will often remain almost 
unaffected. In this case, natural reforestation is just as difficult as it is on 


Fig. 4. VT-spruce stand, 140-year-old, 125 cu. m. per ha, annual growth 2.1 cu m. per ha. 
Burning object of first order. Ähtäri. Photo August 1961. 
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unburned land. Poor results seem to have been achieved also in the reforesta- 
tion of barren soils after forest fires. In some cases, these negative findings 
are undoubtedly due to careless inspection of the seedling stands. Borg 
(1926 a) asserts that the inspector frequently overlooked the seedlings 
although there may actually have been too many of these. Forest inven- 
tories made in the forestry districts prove that Borg was right in many 
cases. In the Kuru forestry district, for instance, fairly large continuous 
areas (up to 75 hectares) were burned during 1925—30 and reforested by 
means of patch sowing or broadcast sowing on the snow crust, and re-sowing 
was done on many of these areas. According to an examination made in 
1936, most of these areas had a sapling stand with a height of 0.7—1.0 metres 
and a density of 0.7, although only 2—4 years had elapsed since re-sowing. 
Thus the re-sowing had been superfluous. Full-density forest is now growing 
on these sites. 

There was also a tendency to decrease prescribed burning because of the 
opposing attitude among the teachers. Tertti (1937), for instance, con- 
sidered that burning of the humus would reduce the fertility of the soil for 
a long time ahead. According to him, destruction of the humus was van- 
dalism and was actual devastation of the forest, and prescribed burning 
was therefore unacceptable. However, it seems that he revised his opinion 
quite soon, for he stated a year later that prescribed burning could be used 


Fig. 5. A barren VT-site can have a very dense seedling stand of stunted spruce. Here 85 000 
seedlings of 25 yrs. per ha. Burning object of first order. Bromarv. Photo E. Ehrstedt April 1969. 
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if the purpose was to reforest the site with birch or pine (Tertti 1938). 
Ahola (1937) was doubtful about the natural reforestation of burned 
sites, but regarded burning itself as being a good measure. 

There is a paucity of written sources, and an attempt has consequently 
been made to discover the reasons for the discontinuation of burning by 
interviewing scientists and forestry inspectors who were active around 1930 
(Professor Laitakari, Superintendants Linko and Valkama and Inspectors 
Blomgren and Huuhtanen). They have stated that the above factors did 
actually contribute to the almost total discontinuation of prescribed burning. 
An additional reason mentioned was the tight money situation of the gov- 
ernment, which necessitated a reduction in intensive silviculture and the 
planning of cuttings for natural regeneration. Another contributory factor 
was the fear of a total depletion of the spruce stock due to the fact that 
stands of spruce seedlings are slow to emerge on burned sites (Heikin- 
heimo 1915). Another probable and important reason was that the 
burning was often done without expertise and consequently produced a 
poor impression. 

During the war (1940—45) prescribed. burning stopped entirely, but it 
was started up again after the war. Since 1950 there has been extensive 
prescribed, burning of forest lands. This was due to the favourable results 
of prescribed burning in Sweden. This resumption of prescribed burning did 
not last for a long time, either. Since the peak years of 1955—57 the annual 
amount of burned land has declined almost continuously. The main reasons, 
probably, were the danger of forest fire associated with burning, the present 
legislation on fires, and the fact that prescribed burning is dependent for 
its success upon weather conditions, and, also the increasing prevalence of 
mechanized methods of preparing the ground, for regeneration. A further 
important reason is the fear of the seedling-destroying fungus Rhizina undu- 
lata Fr. that has appeared in many places on burned sites in recent years 
(Laine 1968). Part of the cause is undoubtedly the poor results from the 
large prescribed burning areas in northern Finland (up to 3 000 hectares 
of continuous burn) that were obtained because of unfavourable weather 
conditions and an unsuitable provenance of seed. 

Information on the methods of reforesting burns are available only in 
respect of the burns made by the Forest Service in 1923—61. Initially, 
reforestation was chiefly natural. The acreage of man-made reforestation 
first exceeded that of natural seeding in 1927, while since 1932 almost all 
the burns have been artificially regenerated. After the war, natural regene- 
ration was employed fairly commonly at first, but its proportion declined 
rapidly, and more than 90 per cent of the burned land was reforested arti- 
ficially from 1956 onwards. In 1961, the latest year for which data are 
available on the method of reforestation, 97 per cent of prescribe-burned 
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land was reforested artificially, and the figure has probably remained at 
least at the same level subsequently. It is possible that a larger proportion 
of the burned land has been left to natural reforestation on private lands 
than on State lands. But on the lands of the timber companies, artifical 
reforestation is probably the chief method employed. 


MATERIAL AND METHODS 


The burned areas for which the dates of burning were known were 
traced for the purposes of the present study. The time elapsed since burning 
varied from one month to 50 years. The most recently burned areas were 
selected from places where the humus had burned fairly well at least, while 
it was difficult to estimate the intensity of fire on the oldest sites. The 
material comprises 92 burned sites: 54 VT, 29 MT and 9 OMT. (For the 
Finnish forest site classification see Cajander 1949.) An unburned con- 
trol site for each burned, site was selected on land as similar as possible. 
In some cases nearby burned sites had a common control site. Sample plots 
are to 80 per cent on morainic soils. The rest are onsand or esker gravel. 
The soil type at all the test sites was podzol; the type of humus was chiefly 
mor, but moder also occurred. Most of the sample plots are in the forests of 
the Ranger Schools (at Kuru, Tuomarniemi, Nikkarila and Evo). There were 
also some plots on the lands of Kaukas Oy at Ruokolahti, and at the Uni- 
versity’s Forest Training Station at Hyytiälä. With the exception of Evo, 
where the sample plots are on land that is more fertile than average, all 
the plots were on severely leached soil which had an average A horizon 
depth of 7.5 cm on unburned, plots. With the exception of the most barren 
sites, the humus layer also was generally fairly deep, averaging 5.3 cm. 
These figures are much higher than the averages for these areas (cf. A alt o- 
nen 1941). 

Most of the soil samples were gathered in 1952, 1957, 1960 and 1961. 
Prior tests had revealed a great variation in soil acidity and amount of 
mineral nitrogen during the growing season. The variation in acidity on a 
sample plot during the growing season was about 0.5 pH units in unburned 
humus samples, while it was somewhat greater in mineral soils. The amount 
of ammonia nitrogen could vary up to three times its minimum value, 
nitrate nitrogen even more. The reasons for these variations are the weather 
conditions with consequent microbe activity, etc. For this reason, the samples 
were always gathered in the latter half of August. By taking the samples 
at the same date in the different years it was hoped to achieve roughly 
similar conditions at least where microbe activity was concerned. The sam- 
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ples of humus layer were gathered with a cylinder extractor by which the 
amount of humus per hectare could also be found, andasample was com- 
posited from specimens taken at 10—20 spots. The mineral soil samples 
represent the soil layers 0—10, 10—20, 20—30 and 30—60 cm. Each of 
these was obtained by combining the soil from 3 pits. The samples were 
taken about 20 m from the edge of the burn, the distance between the 
burned and the unburned sampling spots thus being some dozens of metres. 
With a few exceptions, the analyses were made with air-dried samples. 
Unfortunately, no samples of slash or surface vegetation were gathered. 

In the laboratory the humus samples were weighed when air-dry and 
then finely milled. The mineral soil samples were sieved with a sieve of 
2 mm mesh. The following analyses were made of all the samples: exchange- 
able nutrients and easily soluble phosphorus, total nitrogen, acidity in water 
and in KCl, mechanical composition, and water-holding capacity. Also the 
following analyses were made of the humus samples: total inorganic analysis 
by burning the samples at 550°C, mobilization of nitrogen in 6-week and CO, 
evolution in 4-week incubation at the laboratory temperature (ca. 20°C). 

The general methods of the laboratory of the Soil Research Department 
of the Forest Research Institute were employed in the analyses (Viro 1951, 
1955, 1965). The exchangeable nutrients and the easily soluble phosphorus 
were leached out with 1-N amonium acetate acetic-acid, solution (pH 4.65). 
The photometric and colorimetric determinations were made by Beckman-B 
spectrophotometer. The humus in the mineral samples was determined by 
the sulphuric acid-dichromate method, and the inorganic matter of the humus 
layer by burning. 

The mineral nitrogen was extracted from the samples by a 0.5-N KCl 
solution. Part of the filtrate was made slightly alkaline with MgO, and the 
NH, was distilled into a beaker containing 0.01-N sulphuric acid, and gelatin 
to prevent coagulation. The determination was made with Nessler reagent 
in a Hilger photometer. From another part of the sample the humus was 
precipitated by Al(OH);. When the ammonia had been removed, the nitrate 
was reduced to ammonia with Dewarda solution and the ammonia was then 
determined as above. For the analysis the distilled water had to be purified 
with ion exchangers. Amberlit IR 120 was used to remove the ammonia, 
and Amberlit IR 4B to remove the nitrate. 

At every sample plot the relative coverage of the various species of 
plants was determined from 10 squares each of 1 sq.m. The material was graded, 
in classes of 10 per cent when the coverage was above 10 per cent, and in 
classes of 1 per cent when the coverage was below 5 per cent. Sporadic 
species of plants were noted even if they were growing outside the plot. 

According to Kalela (1949) the root system of conifers, and parti- 
cularly that of spruce, is fairly superficial, and about 95 per cent of the 
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roots are located in the surface layer to a depth of 30 cm. The nutrient 
content of the surface layer is consequently of the greatest importance for 
fertility. The resources of nutrients and particularly of water in the subsoil, 
which in some cases are fairly substantial, are probably exploited to a greater 
extent when the surface soil gets very dry. The effect of burning upon the 
amounts of nutrients in the subsoil is, however, a very small one, and is 
consequently not given in the diagrams presented. 

In some of the age groups, the sites available for the study were few 
in number, especially for the years 1935—50. It was not possible to gather 
the material for the study by randomized sampling, and generalization of the 
results is for this reason less reliable. The amount of work involved in the 
analyses precluded the employment of a material that would allow classi- 
fication of the plots into distinct groups of sufficient size as classified by 
time since burning, intensity of burning, type of soil, fertility of site, or 
other factors; and dispersion among the groups employed may thus be a con- 
siderable one. The intensity of burning depends chiefly on the amount of 
slash and the moisture of the slash and the humus, which may cause quite 
large variations in the investigated characteristics. In most cases, however, 
the results must be regarded as indicative of the general tendency caused 
by burning. The reliability of the results will be analyzed only in the cases 
where the material allows of it. 


RESULTS 
Temperature of the Soil 


In prescribed burning the temperature may be very high, but a high 
temperature does not occur under the burning humus. In a soil with a thin 
layer of humus (3 cm) the temperature at the surface of the mineral soil 
was at most 100°C in the experiments by Melehov (1947) and Uggla 
(1957). In the experiments by Ahlgren (1969), where the thickness of 
humus was initially 2—3 inches and post-burning one inch, the temperature 
at the surface of the mineral soil could rise above 300°C for 14 minutes and 
above 200°C for 34 minutes, in a burning lasting 5 hours. The temperatu- 
re of the soil during burning is important chiefly in respect of the de- 
struction of the microbe population. 

The present study provides no observations of the effect of burning upon 
soil temperature, but in the course of the study a number of forestry students 
were given work assignments whose results shed some light on important 
questions of this kind. 
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Fig. 6. Effect of humus layer on soil temperature in 1956 (Lemmetti € Roos 1959). 


Fig. 7. Humus layer at the base of trees is often thick and porous and isolates warmth effectively. 
Forks are roots, not branches. VT. Ahtari. Photo August 1957. 
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Fig. 6 shows the effect of the humus layer on the soil temperature (Le m- 
metti & Roos 1959). The average temperature at the humus surface 
was 15.3°C in the summer of 1956, and 20.6°C in summer 1959. In terms 
of June—August average temperatures, a layer 10 cm thick lowered the 
temperature by 4.4°C in 1956, and by as much as 8.9°C in the warmer sum- 
mer of 1959; and, especially on very hot days in the latter summer, large 
differences amounting to as much as 12°C were recorded between air and 
mineral soil surface. A dry humus proved to be a clearly more efficient heat 
insulator than a moist one. A humus layer decreased the lowering of the 
temperature of the mineral soil: a mineral soil layer 20 cm thick lowered 
the temperature by 3.2°C on a place without humus, but by only 1.4°C under 
a 10 cm layer of humus. 

Burning has a very great effect on the temperature of the surface layers 
of the soil (Lipas & Mäki-Petäys 1961). During their observation 
period (June 17—August 23, 1959) the temperature reported at 14.00 hours 
was on average as follows (humus layer 3 cm at burned site, 9 cm in clearing 
and forest): 


burned unburned. 
forest clearing 
air, 5 cm above ground .........o.ooooooo... 23. 6° 20. 6° 24. 8° 
humus Surtacel A eg ee 31.3° 18. 0° 24.4 
mineral soil surface ...........ooooooooo o... 16.0? 9.1? 12.8° 
depth of 10 cm in mineral soil ............. 12.5° 8.7 10. 6° 
depth of 20 cm in mineral soil ............. 12. 0° 8.3” 10.22 


The summer when their study was made was warmer than normal. 
The early summer was some 15 per cent drier than normal, the late summer 
25 per cent wetter than normal. The figures show that prescribed burning 
and clear cutting have a very great effect on soil temperature, and that the 
effect is clearly seen at a depth of at least 20 cm in the mineral soil. The 
highest temperature measured at the surface of burned humus was 52.80, 
and at the surface of humus in a clearing 36.0°C, while the temperature 
of the air at the same time was 29.90. Yet the thin humus layer of the 
burned area too proved to be an extremely good insulator, for the highest 
temperature at the surface of the mineral layer of the burned site was 18.30. 
According to these observations, despite the exceptionally hot summer there 
were no temperatures in the mineral soil of the burned areas that would 
have been damaging to plants. The temperatures in the forest were always 
lower than the respective figures for open land. In this material, the tem- 
perature of the humus depended chiefly on the atmospheric temperature. 
There was no correlation between the humidity and the temperature of 
the humus. 
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Vegetation 


In prescribed. burning, the vegetation above the ground is completely 
destroyed but species with subterranean regenerative organs may survive. 
Examples of these are certain herbs, grasses, dwarf shrubs and broadlea- 
ved trees. The subterranean organs of regeneration are destroyed the more 
completely, the more thoroughly the humus layer burns. The development 
of the vegetation on the burned site revealed largely the same tendency as 
that at the wildburn sites in northern Finland described by Kujala (1926) 
and Sarvas (1937), and the causes for the spread of the various species 
can generally be explained in the same way. The spreading capacity of 
the seed seems, however, to be of greater significance for the develop- 
ment of vegetation than postulated by the above authors, for the first 
species found were dandelion (Taraxacum officinale Web.), hawksweed 
(Hieracium spp.) and fireweed, (Chamaenerion angustifolium (L.) Scop.). 

In the year of burning, only a few scattered grasses and herbs could. be 
found at the site, but the vegetation increased rapidly in subsequent years, 
as shown in fig. 8. The sample plots are classified according to time elapsed 
since burning. The average for all the unburned sites is used for comparison. 
Grasses and herbs were the first to appear on the site, and. owing to lack 
of competition their numbers became fairly high in a few years, the grasses 
being 2.5 times and the herbs 5 times as abundant as those of the unburned 
sites. The amount of herbs began to decline after 6 years, and that of grasses 
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Fig. 8. Percentage cover of vegetation after burning. (On x-axis time after burning: 1 < 1, 
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after 20 years. Of the herbs, fireweed was briefly the dominant species, its 
coverage being 13.2 per cent after 4 years, while 20 years after burning only 
a few specimens could be found. Even on the oldest burned sites there was a 
slightly greater amount of grasses than on the control sites, while on plots 
more than 20 years old there were fewer herbs than on the control sites. Most 
abundant among the grasses were Calamagrostis species, their coverage being 
9 per cent after 7—20 years against the 5 per cent of the control sites. 

Mosses first appeared in substantial amounts on the burned sites after 
3 years. Initially, the mosses were almost exclusively Polytrichums (chiefly 
P. juniperinum), their maximum abundance (after 4—9 years) being 30 
times as great as the amount on the control sites. Feather mosses were 
clearly apparent only after 10 years, but even after 30 years 40 per cent 
of the mosses were Polytrichums, and as late as the end of the research period 
their total cover was still almost 4 per cent, while it was only 1 per cent 
on the control sites. Pleurozium Schreberi and Dicranum spp. were the first 
feather mosses to appear. After 50 years the coverage of the former was 20 
per cent and of the latter 13 per cent, that of Hylocomium splendens being only 
3 per cent, while the control site figures were 39, 14 and 16 per cent. The 
amount of Dicranum was thus already normal, while that of Hylocomium 
was still very small even at the end of the research period. The total amount 
of mosses on the burned sites fell far short of reaching that of the control 
sites throughout the research period. Lichens were clearly apparent only 
after 7 years, and their amount then increased rapidly. On the oldest burns 
it was 5 times as great as on the unburned sites, and the culmination point 
was, perhaps, not yet reached. 

The first dwarf shrub to appear was raspberry (Rubus idaeus L.). Its 
coverage was already 0.5 per cent in the year of burning, and 1.4 per cent 
after 6 years. Subsequently it quickly declined and became scarce. The 
total cover of dwarf shrubs reached an almost normal level by the end of 
the research period. On the control sites the coverage of lingonberry 
(Vaccinium vitis-idaea L.) was 18 per cent, that of blueberry (Vaccinium 
myrtillus L.) 8 per cent, and that of heather (Calluna vulgaris (L.) Hull) 
2 per cent. During the research period the coverage of lingonberry increased 
more rapidly than did that of blueberry. On the oldest burned sites it was 
13 per cent, the figure for blueberry being 4 per cent. The most rapidly 
increasing coverage was that of heather, which reached its normal level in 
5 years and became 8 per cent after 15 years, but then started to decline 
slowly although it was still almost 7 per cent on the oldest burned sites. 

It was earlier thought that fireweed and raspberry occurred, on recently 
burned sites because they supposedly needed nitrogen in the form of nitrate 
(Hesselman 1917). Tamm (1956) has shown, however, that fireweed 
is just as able to utilize ammonia nitrogen. According to Uggla (1957), 
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the great abundance of raspberry is due to the facts that the land is covered 
everywhere with raspberry seeds carried by birds, and the heat of burning 
causes them to germinate. 

The occurrence of species of plants on burned sites of various ages matches 
fairly well with the observations of Kujala (1964). The species that 
occurred as pioneers were almost always the ones he had found to favour 
burns and clearings. The increase of lingonberry closely corresponds with 
the observations of Tkatschenko (Melehov 1948), as do the 
increases in fireweed and grasses. According to the present observations, 
the occurrence of raspberry is a very short-term one. Kujala regards 
this as being strange, but raspberry is evidently a plant that requires a 
lot of light and cannot grow in a closed forest stand. On the control sites 
its coverage did not attain a numerical value (coverages below 1 % were 
not recorded), and it occurred on only 5 per cent of the squares studied. 
The increase in Polytrichums during the 4 years after burning is explosively 
quick, and the amount is clearly in excess of Kujala”s observations. 
The occurrence of lichen is evidently also faster and more plentiful than is 
suggested by the observations made by Kujala. In any event, the figures 
indicate that the stabilization of vegetation after burning takes a long time. 
This may be considerably important in classifying sites by surface 
vegetation. Attention should be paid especially to the slowness of stabiliza- 
tion of lichen and moss vegetation. The studies made by Sarvas (1937 a) 
indicate that stabilization is much slower still in northern Finland than would 
be suggested by the present results from southern Finland. 


Acidity 


At the burning of organic matter, the mineral substances therein are 
released in the form of oxides or carbonates that are usually basic. These 
cause a decline in the acidity of the humus layer, and in some cases the 
decline could be as much as 2.4 pH units. As a result of the leaching of 
electrolytes, of ion-exchange and the formation of new acid organic matter, 
the difference in acidity caused by the burning disappeared in about 50 
years (fig. 9). The changes in acidity were fairly small in the mineral soil 
because of the latter’s buffer capacity and greatness of mass as compared 
with that of the humus, but on average the pH of the mineral soil was 
slightly higher on the burned sites than on the unburned sites throughout 
the research period. Fairly distinct variations in acidity were found through 
the growing season. Fig. 10 shows the changes in the Hyytiälä plots du- 
ring the two first summers after burning. 
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Fig. 10. Effect of burning on pH of soil. (Whole line humus, broken line mineral soil 0—10 cm. 
dot burned, circle control.) 


The acidity of the humus layer measured in water was about 1.5 pH 
units smaller than when measured in KCl. In the mineral soil the difference 
was slightly smaller, i.e. 1.2—1.3 units. The correlation between cH measured 
in water and cH measured in KCl was as follows for the various layers: 


H 0—10 10—20 20—30 . 30—60 
unburned ...... 0.77*** 0.5 9*** 0.8 5*** 0.70*** 0.36** 
burned ........ 0.94*** 0.19 0.73*** 0.47*** 0.26* 


It can be seen that the correlation declined in both groups at depths beyond 
20 cm. This, probably, is chiefly due to the low acidity (pH approximately 
5.5), as even a small cation amount might affect it substantially. In the 
surface of the mineral soil the correlation was smaller in both groups than 
it was in the humus or the 10—20 cm layer. This may be due to the differing 
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retention of the cations on humus and mineral soil. This was particularly 
clear on the burned sites, where the amount of cations leached out of the 
humus layer could be high (cf. chapter on exchangeable nutrients). 


Organie Matter 
Change in quantity 


Determination of the border between the humus layer and the mineral 
soil is difficult especially on moder humus soils. The humus layer always 
contains mineral soil that has been incorporated by soil animals and frost. 
According to the study by Karppelin & Laukkanen (1958), 
the insoluble matter in the ashes of moder humus contains the following 
amounts of mineral soil in the various layers: F, 50 per cent, F, 57 per cent, 
and H 69 per cent. Consequently, it was found more reliable to ascertain 
the quantity of the humus layer from the figures obtained after the humus 
sample had been burned than by measuring the thickness of the humus 
layer. The numbers in fig. 11 refer to organic matter only, and do not include 
the ash normally occurring in humus or the mineral soil in the sample. 

Most of the matter that burns during prescribed burning is, evidently, 
usually slash and live moss and. other surface vegetation. The amount of 
humus layer proper (F + H) decreased during burning by about 7 tons per 
hectare (24 %), and this difference between burned and unburned sites did 
not subsequently become much smaller. The thickness of the humus layer 
on the unburned sites averaged 5.3 cm, while the figure after burning was 
1.2 em less than this. Thus the humus layer became only slightly thinner 
as a direct consequence of burning, but there occurred a much more distinct 
thinning of the layer in the years after burning, as is seen in fig. 7 on p. 
16. The thinning of the layer, at maximum by 2.8 cm, seems thus to be 
chiefly due to compression. The probable cause of compression is the 
death by fire of the dwarf shrubs, especially heather, for their moldering 
roots can then no longer maintain the porosity of the humus. The humus 
was thinnest 8—20 years after burning, and subsequently became thicker. 

The release of CO, is generally regarded as an index of microbial activity 
and the speed of decomposition of humus. Laboratory experiments have 
shown, however, that the CO, evolution does not give a correct picture of 
the speed of decomposition, e.g. of samples fertilized in various manners 
(Viro 1963). The evolution of CO, was smaller in burned than in unburned 
humus for 12 years (fig. 9). Subsequently, the evolution increased and it 
was greater on the oldest burned sites than on the control sites. The initial 
decrease is probably due in part to the change in acidity caused by burning, 
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Fig. 11. Effect of burning on amount of organic matter 
and total nitrogen in humus layer. 01 


for the same phenomenon has also been observed with liming in laboratory 
tests. Another probable cause is the burning of the humus surface, which 
is the most easily decomposing part. The later increase in CO, evolution 
is probably connected with the generation of new, more easily decomposing 
humus, especially that produced by herbs, grasses and deciduous trees. 

The burning had a very small effect on the amount of humus in the 
mineral soil. Yet there was a visible tendency for the amount of humus 
in the mineral soil to increase, and this is most distinct in the 20—30 cm 
layer. This is probably due to iso-electric precipitation of the alkali humates 
(cf. p. 32, leaching of potassium). The differences, however, are very small 
ones. 


Total nitrogen 


The change in the humus layer's total quantity of nitrogen (fig. 11) 
which was caused by burning followed fairly closely the changes in the 
amounts of humus. Thus, the quantity of nitrogen in this layer decreased 
by approximately 25 per cent. In the various layers of soil the correlation 
coefficient between the quantities of organic matter and nitrogen was a 
high one, being approximately 0.9***, for the nitrogen was mainly organi- 
cally bound. Yet the nitrogen content of the organic matter was in accordance 
to the fertility of the site. The nitrogen content of the organic matter 
of the humus layer was higher on fertile than on barren land, and the same 
was true of the surface layer of the mineral soil. The difference decreased 
with increasing depth, and. on the most barren soils the nitrogen content of 
the humus was greatest in the subsoil. The quantity of nitrogen in the humus 
layer decreased by approximately 100 kg per hectare during burning. Evi- 
dently, the nitrogen in the slash and the moss layer is largely lost through 
burning. The C/N ratio clearly declined through burning; the difference 
between the unburned and the burned sites was 3.8 in the humus and 0.7 
in the surface layer of the mineral soil. On account of the great dispersion, 
however, the differences were not statistically significant. Burning did not 
affect the total quantity of nitrogen in the mineral soil. The C/N ratio 


24 BP: 5 Viro 67.7 


declined with increasing depth: on the unburned sites it was 38.9 in the 
humus, 17.8 in the 0—10 cm mineral soil, 16.3 in the 10—20 cm, 14.6 in 
the 20—30 cm, and 10.2 in the 30—60 cm layer. 


Mineral nitrogen 


Changes in the acidity and the mineral nitrogen content were recorded, 
at two pairs of the Hyytiälä MT-plots during two summers. Fig. 12shows 
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Fig. 12. Effect of burning on content of mineral nitrogen in soil. Bigger sclae for humus, smaller 
for mineral soil. (Expl. see fig. 10.) 
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Table 1. Amount of mineral nitrogen in Hyytiälä plots as a mean of growing season. 


NH,-N NO,-N 
-| l 
Layer | 1953 | 1954 | 1953 | 1954 
| kg N per hectare 

Burned 
ee age 7.8 4.7 0.13 0.38 
OL em das 11.0 17.2 0.63 1.22 
LOS ai ns o e 6.3 7.6 0.68 1.24 
20-00" e cid E 5.3 6.9 i 0.68 1.20 
Total 30.4 35.4 | 2.12 4.04 

Control 
NED ars pees RE Re salen kX Brees SER 2.6 2.6 0.18 0.32 
O aie T 4.0 5.4 0.50 0.93 
ION. rennen 4.5 6.3 0.46 1.22 
DI: Mi a cea 5.1 5.1 0.47 1.15 
Total 16.2 19.4 | 1.62 3.62 


the changes in ammonia and nitrate nitrogen content. Samples were taken 
throughout the growing season and were immediately sent to the labora- 
tory, where they were analyzed while fresh. The figure shows that the 
ammonia nitrogen content of the humus layer increased threefold during 
burning, and that the difference was retained until late in the second summer. 
The difference was clearly observable even in the mineral soil to a depth as 
great as 10—20 cm. Most of the ammonia nitrogen in the mineral soil had 
probably been leached out of the humus layer. In these samples the 
nitrate nitrogen content of the humus was almost independent of the 
treatment, but in the mineral soil the nitrate content was higher on the 
burned sites for all the layers analyzed, which indicates that nitrification 
had obviously occurred in the humus layer and that the nitrate formed 
had been leached out. 

Table 1 shows the quantities of mineral nitrogen in the soil as June— 
August averages in the year of burning and the following year. The total 
amount of ammonia nitrogen was almost equally great during both years 
on the control sites, and was nearly twice as great on the burned areas as 
on the unburned areas. In the year following that of burning, the difference 
was smaller in the humus layer but greater in the surface soil, and the 
difference between the sites was distinct also in the mineral soil. The burning 
caused a fairly slight increase in the amount of nitrate. These plots had a 
fairly thick layer of humus in which the microbe population may have been 
completely destroyed, and there had been insufficient time for microbes to 
migrate there from the mineral soil. The amounts of nitrate were much 
greater in the year following burning than in the year of burning on all 
the sites. The reason for the difference was not analyzed in any great detail. 
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The nearest weather station was more than 100 kilometres away, and it 
was consequently impossible to analyze the relationship between this dif- 
ference and the weather conditions. True, the former summer was colder 
and wetter than the latter one. 

The prevalent opinion holds that burning is destructive to the microbes 
of the surface soil, and that the organisms actively decomposing the humus 
and fixing the nitrogen suffer particularly from the burning. Somewhat 
farther down, the microbes remain intact and fairly soon repopulate the 
surface soil. As a result of burning, there is a multiple increase in the amount 
of bacteria (cf. Hanioja 1961, Ahlgren & Ahlgren 1965). The 
burning decreases the acidity of the soil, and this improves the living con- 
ditions of the bacteria especially. 

In the dried samples, which were incubated. while moist, there was only 
a very small difference between the ammonia contents of humus from the un- 
burned and from the burned site in the year of burning; but in subsequent 
years the samples from the burned sites had clearly less ammonia (fig. 9). 
The difference between the sites began to decline after 12 years, and on 
the oldest burned sites the ammonia content was almost as high as that 
of the unburned site. In the incubated samples the nitrate content, however, 
was clearly greater on young burned sites. The difference declined rapidly, 
and after about 10 years the contents were equally great on the two groups. 
Later, a new increase in nitrate content was observed, as in the case of 
ammonia, but this was only after 20 years. It was found in earlier experi- 
ments that liming decreases the amount of ammonia nitrogen and increases 
that of nitrate nitrogen (Viro 1963). The probable cause is a change in 
acidity favourable to nitrification bacteria, with ammonia nitrogen being 
converted into nitrate nitrogen. Kaila et al. (1953) obtained similar 
results regarding the effects of liming upon the mineralization of nitrogen. 

The difference between the fresh and the dried samples is probably due 
chiefly to the fact that rain may have leached some of the nitrate in the 
former, while nitrification had occurred in the latter during drying. The 
humus of the burned. site lets water through more easily than does the 
humus of the control site, and the ammonia and nitrate ions are highly 
soluble while the nitrate ion is also highly leachable. Possibly, the question 
here is also one of different activities of the soil microbes. Nitrification is 
slow at the temperature of forest land, but at a suitable degree of acidity 
it may be very rapid at laboratory temperature (c. 20°C). This, however, 
does not entirely explain the observed difference. The ammonia content 
decreased by more than 25mg per 100 g, and the nitrate content increased 
by a mere 2 mg. It is obvious that the microbes had utilized a lot of the 
generated ammonia nitrogen for their own life activities. It was not possible 
to determine the amount of nitrogen that was bound by the microbes. 
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An analysis made immediately upon taking the sample reveals the quantity 
of mineral nitrogen present at that moment. It is possible that from the 
viewpoint of fertility the measuring of the momentary content gives data 
that are more serviceable than data from an incubation test, but such 
measuring is seldom possible in practice because it demands immediate 
analysis of the samples. However, the figures on total mobilization of nitrogen 
show the same tendency whether obtained at the taking of the sample or 
from dried samples after incubation, and both obviously provide results 
that can be used in respect of fertility. Both the ammonia and nitrate 
nitrogen can be utilized by vegetation. 

Svinhufvud (1929) found that when peat was partly burned, some 
of its nitrogen on conversion into ammonia becomes bound to the peat that 
remains unburned, and that this is the reason why there were good crops 
on burned peatland in Ostrobothnia. In the experiments by Kaila et al. 
(1953), heating up to 65°C was enough to cause a multiple increase in the 
amount of ammonia nitrogen, while it did not affect the amount of nitrate 
nitrogen. 

To ascertain the results of heating, humidified humus was burned slowly 
in a quartz tube and the generated gases were led first through damp humus 
and then through a sulphuric acid solution. The test showed that 53— 74 per 
cent of the nitrogen in the humus was converted into ammonia form, and 
about 99 per cent of this became bound to the humus. Consequently, pre- 
scribed burning can be compared to Kjeldahl burning. The percentage of 
mineralization was greater in the humus of fertile soil than in the humus 
of barren soil. Of the analyzed samples, 8 were OMT and 7 were VT-MT. 
In these groups the proportions of total nitrogen converted into the ammonia 
form were as follows: 


OMT ori 68.2 + 2.08 % 
VI-MT: incor 57.3 + 1.89 % 


The difference is significant at the 1 % level (t = 3.05). 

Probably, the nitrogen compounds converted into ammonia at heating 
are mainly the most easily decomposing nitrogen compounds, i.e. those 
whose decomposition finally produces the same result in nature. At burning, 
some of the ammonia formed becomes bound to the underlying humus, 
but far the most of it escapes with the combustion gases and is returned 
to the ground with the rain. Only about 0.5 per cent of total nitrogen was 
converted into nitrate form while burning in the laboratory. 
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Mineral Nutrients 
Total quantities of nutrients 


In prescribed burning it is mainly the slash and the live moss that burn, 
and their mineral substances enter the humus which, in the present case, 
provided the samples. Post-burning, this could be seen very clearly in the 
larger amounts of total and exchangeable nutrients on the burned site, for, 
as mentioned previously, the humus samples were gathered from the humus 
layer proper, and did not include the layer of moss. The speed at which 
the quantities of nutrients returned to normal showed great variation among 
various nutrients. 

The total amounts of nutrients in the humus layer of an unburned site 
are shown in fig. 13. When these are compared with the exchangeable 
quantities of the same nutrients (fig. 14) it can be seen that the total 
amounts were always larger, as could be expected. The differences for the 
various nutrients, however, were substantial. Potassium was found to be 
the most easily soluble, with 75 per cent of it being exchangeable. Of their 
total amounts, 56 per cent of the calcium, 54 per cent of the sodium and 
48 per cent of the magnesium were exchangeable, while only 25 per cent 
of the total amount of phosphorus was easily soluble. Similar differences 
probably exist in the solubility of the nutrients in the organic matter of 
the mineral soil. Fig. 13 also shows that the alkali metals and phosphorus 
are poorly fixed to the humus. There were smaller total quantities of these 
on the burned sites than on the unburned sites as early as the year of burning, 
despite the fact that the ashes from the slash and ground vegetation were 
included in the samples from the burned sites. In contrast, calcium and 
magnesium adhered well to the humus. 
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Fig. 13. Effect of burning on total of amount nutrients in humus layer (kg per ha). 


67.7 Prescribed Burning in Forestry 29 


The nutrient contents of the slash and ground vegetation were not 
analyzed, but according to the figures presented by Mork (1946), Tamm 
(1953, 1964) and Viro (1955) their quantities of potassium and calcium 
can be estimated at the same level as the total quantities in the humus 
layer. The amounts of phosphorus and nitrogen are probably greater in 
the humus layer. 


Exchangeable nutrients 


The quantities of exchangeable nutrients in the surface layers of the 
soil at various times after burning are shown in the diagrams of fig. 14, 
where the average for all the samples from unburned sites is used as a basis 
of comparison. Various burned sites of an age group could reveal substantial 
deviations from the general tendency in nutrient quantities, irrespective of 
whether the control sites were grouped according to the corresponding 
burned plots or a general average was employed. The averages for the 
control sites of the various groups, however, differed very little from 
one another, and the manner of presentation employed was found to be 
the most perspicuous one. Variations were observed in the results from the 
unburned. sites, too, but these were much smaller. No clear differences could 
be found between the various localities. 

To facilitate a general review, the nutrient quantities of the unburned 
sites are shown by fertility classes in table 2. The figures represent the 
amounts per areal unit, for these are the figures that are decisive in respect 
of the nutrient condition of the soil. The diagrams and tables thus take 
into account also soil coarser than 2 mm. The table shows that the quantities 
of nutrients and organic matter were generally largest on the most fertile 
soils; the only exception being phosphorus, which in the various layers of 
mineral soil was most abundant on VT and least abundant on OMT. The 
differences between the various forest site types, however, were fairly slight 
ones and were not statistically significant. It were only the amounts of 
calcium and magnesium that were distinctly greater on OMT than on 
VT and MT, but the number of OMT plots (8) was not regarded as being 
big enough for an analysis of the reliability of the differences. 

The amount of exchangeable nutrients in the humus layer was greater 
on the burned site than on the unburned site in the year of burning, the 
only exceptions being potassium and sodium, whose amounts were equal 
in the two groups. With continuous leaching during the succeeding years, 
the amounts of potassium and phosphorus on the burned site declined at 
an almost equal rate, while magnesium declined more slowly and calcium 
most slowly. In about 10 years the leaching of potassium and phosphorus 
attained, its maximum. At that time the humus layer of the burned site 
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Table 2. Exchangeable nutrients, organic matter and total nitrogen of soil. 


Soil layer | P.O; MgO K,0 CaO Org. N 
Site type cm 
kg/ha tons/ha 
VT H 20.3 22.8 34.6 123.0 28.4 0.434 
0—10 18.8 25.9 47.4 95.5 25.9 0.793 
10—20 12.9 17.8 36.2 57.7 18.9 0.654 
20—30 8.8 17.1 32.8 54.8 12.2 0.460 
30—60 27.3 48.6 88.2 | 129.9 13.8 0.822 
| | 
MT H 28.0 38.6 45.9 164.6 35.4 0.623 
0—10 17.0 30.3 52.2 111.6 29.0 0.893 
10—20 10.3 18.3 38.8 76.9 20.9 0.759 
20—30 7.4 21.3 34.0 62.4 14.1 0.561 
30—60 22.8 53.7 94.5 | 132.0 17.1 0.972 
| 
OMT H | 22.9 43.4 44.9 202.6 | 29.3 0.565 
0—10 12.8 57.8 61.8 | 372.5 38.8 1.265 
10—20 8.5 29.5 47.9 150.4 | 23.7 0.907 
20-30 | 8.0 25.7 44.3 98.2 | 19.4 | 0.755 
| 30—60 | 17.1 | 87.6 115.3 285.6 | 29.0 | 1.257 


ference was more persistent in the deeper layers than in the surface soil, 
and lasted for 12 years in the 20—30 cm layer. After the excess amount 
of potassium produced in the burning had disappeared from the mineral 
soil, the remaining potassium did not fall below the level of the control 
sites in any of the layers of mineral soil. 

In the year of burning, the amounts of sodium and magnesium in the 
mineral soil showed a decline in all the layers to a depth of 30 cm. A very 
slight decrease was observed in the amount of calcium in the layers 0—20 cm. 

Potassium showed a weaker adsorption than calcium or magnesium to 
mineral soil too. Sodium was leached from the humus fairly easily, and was 
also leached more easily than potassium from the mineral soil. An increase 
in calcium in the surface layers of the mineral soils was found 4 years subse- 
quent to burning, and on the oldest sites the amount was more than double 
that on the unburned sites. Deeper down, the amount of exchangeable 
calcium was fairly small. The addition caused by the burning was clearly 
observable in the 10—20 cm layer from the fourth year on, but was hardly 
observable at all in the 20—30 cm layer. Magnesium was found to be slightly 
more mobile than calcium in the mineral soil too. In the surface soil the 
amount was normal on the oldest burned sites, slightly above normal in 
the 10—20 cm layer and almost normal again at 20—30 cm. 

There was thus a distinct difference in the adsorption to soil between 
calcium and magnesium on the one hand and potassium and sodium on the 
other, in the sense that the potassium and sodium were adsorbed poorly to 
the humus in particular. The minerals in the burned humus consist initially 
mainly of carbonates; and the alkali metals, being the most soluble, are the 


32 P. J. Viro 67.7 


first to dissolve and there is consequently a rapid decline in their quantity 
in the humus layer. A relatively much larger amount of alkali metals than 
of alkali earth metals and hydrogen enter the soil solution, with the con- 
sequence that the alkali metals, despite their poorer adsorptive capacity, 
are able through the law of mass action effect partly to displace the alkali 
earth metals. The decrease caused by ion exchange in the year of burning 
was found to be weak in the case of calcium, but was distinct in the case 
of magnesium and hydrogen even at a depth of 10—20 cm. In subsequent 
years the concentration of alkali metals in the soil solution showed a sub- 
stantial decrease, and the alkali earth metals began to displace them in the 
mineral soil too. However, even after 12 years the amounts of potassium 
and sodium in the layer 20—30 cm were greater than on the control sites. 
The total amount of potassium in the humus layer was about 2.5 times that 
of sodium, and the proportion between these nutrients was probably the same 
in the burned organic matter as a whole. On account of the relative quantities, 
the great amount of potassium in the ash caused a decrease also in the 
sodium of the mineral soil in the year of burning. 

Phosphorus became more firmly fixed to the mineral soil than to the 
humus, and in the layers 0—20 cm its amount was as great as that of the 
control sites throughout the whole period of research. In the year of burning, 
the amount of phosphorus in the 20—30 cm layer was greater on the burned 
site; but from the thirteenth year onwards the amount was greater on the 
control sites. 

With the exception of the year of burning, the diagrams describing the 
amounts of potassium and phosphorus in the humus layer were much alike. 
The correlation coefficient between the amount of exchangeable potassium 
and that of easily soluble phosphorus was 0.83*** in the unburned samples 
and 0.78*** in the burned samples. Thus the correlation is quite distinct, 
despite the fact that the proportions of easily soluble nutrient to the total 
nutrient amounts in the humus are quite different (K 75 Y, P 25 %). Potas- 
sium is present in inorganic form in plants, while phosphorus occurs in both 
inorganic and organic form (Kramer & Kozlowski 1960). The 
solvent used in the analysis does not extract organically bound phosphorus, 
while potassium is supposed to be totally exchangeable. The fact that the 
amount of exchangeable potassium was smaller than that of total potassium 
may be due in part to the fact that some of the total amount of potassium 
in the humus originates in the mineral soil present in the humus, and in 
part to the fact that the sample was coarsely milled and the potassium was 
consequently not completely dissolved. The potassium and the inorganic 
phosphorus were probably almost completely dissolved, and it would follow 
that about 75 per cent of the phosphorus was organically bound. 

In the case of the potassium and the phosphorus, it can be seen that 
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the soluble amount in the humus of the burned site declined in about 10 
years to below half the amount of the control site, despite the fact that 
the figures for the burned site include the amounts from the burned slash 
and moss and that only about 25 per cent of the organic matter of the 
humus layer had burned. It can hardly be expected that heating would 
cause much of an increase in the solubility of these nutrients. It is more 
likely that the lower layers of humus (H) contain less nutrients than the 
higher ones (F). It has been found that there is a movement especially of 
potassium, nitrogen and phosphorus into the living parts of the trees when 
the needles or leaves turn yellow (Viro 1955), and the same phenomenon 
probably occurs in mosses too. There is probably some translocation of other 
nutrients too. According to Tamm (1953) this movement is, indeed, 
smaller in mosses than in trees. Thus, the greater leaching of nutrients from 
the H layer is probably also important. 

It was noted above that the exchangeable quantity of several nutrients 
in the humus decreased initially after the burning but began to increase 
after about 10 years. This is clearest in the cases of potassium and phos- 
phorus and for ammonia, nitrate and total nitrogen. This increase is probably 
the result of the changes in the amounts of grass and herb vegetation. These 
take up nutrients from the soil and thus decrease the leaching that is caused 
by the burning. The litter from these plants decomposes rapidly, and the 
nutrients thus re-enter organic circulation. 

Fig. 14 shows that the changes in the amounts of nutrients usually occur 
consistently during the first years after burning, but that irregularities can 
be found later. Possible errors in analysis may contribute to this, and another 
important reason may be the varying developments of ground vegetation 
and tree stands. Variation in the intensity of burning and also uneven burning 
which is difficult to estimate on the oldest burned sites especially may, 
however, have a greater effect. In the study made by Uggla (1958 b), 
for instance, the pH of the F layer varied within the limits 6.4 and 9.5 and 
that of the H layer within 6.1 and 8.6 on a single site immediately after 
burning, which is an indication of great local variation. Also Eneroth 
(1928) found that there was great variation in the nutrient content of burned 
samples. From the viewpoint of leaching the water-holding capacity of the 
soil is also of importance. Variations in the amounts of nutrients on the plus 
side are most commonly found in the 20—32 year group, and on the minus 
side in the 7—9 year group. The water-holding capacity is slightly greater 
in the former group, and slightly smaller in the latter group, than it is in 
others; but the differences are nevertheless quite small ones. A completely 
reliable explanation for these irregularities could not be found. 
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EXAMINATION OF THE RESULTS 
Active and Exchange Acidity 


During prescribed, burning the surface vegetation, most of the slash and 
part of the humus layer are burned up. The ash produced caused a decrease 
in the acidity of the humus layer of up to 2.4 pH units depending on the 
intensity of the burning, and the acidity reverted to its former level in about 
50 years. According to Uggla (1957), acidity would revert to its former 
level already within 25 years after burning. In the mineral soil the decrease 
in acidity could be clearly observed to a depth of 20 cm. 

The most active part of the soil is the clay complex, in which the ion 
exchange, etc. takes place. In natural conditions the amount of the various 
ions in the complex is in balance, but during burning a lot of electrolytes 
enter the soil and the balance is disturbed. In mineral soil the increase in 
electrolytes is greatest in the surface layer, and the disturbance in the ionic 
balance of this layer is clearly observable in the correlation coefficients 
between active and exchange acidity, which was shown on page 21. 

The correlation coefficients between the active hydrogen ion concentra- 
tion and each exchangeable cation concentration were negative in all the 
soil layers but frequently very low. The correlation with magnesium was 
always a significant one, as was the correlation with sodium in the mineral 
soil. The correlation with calcium was significant only in the humus layer, 
and no correlation coefficient was significant with potassium. 

The correlation coefficients between exchangeable hydrogen ion con- 
centration and the cations were negative in the humus layer. On unburned 
lands, only the correlation with magnesium was significant (—0.37***), and 
on burned lands the correlations with magnesium and calcium (—0.44*** 
and —0.63*** respectively). In the 0—30 cm layers of the mineral soil, 
the negative correlation initially declined and then became a positive one. 
All the correlation coefficients in the subsoil were positive. In the subsoil 
of the unburned sites the correlation coefficients with magnesium, calcium 
and potassium were significant (Mg 0.41***, Ca 0.52***, K 0.41*** respec- 
tively), and on the burned sites the coefficients with magnesium and calcium 
(0.41***, 0.25* respectively). 

It emerges from the above that the relationship between the exchange 
acidity and the nutrient cations is different in the humus layer, the surface 
soil and the subsoil. The most essential thing is that there was a positive 
correlation in the subsoil between the exchangeable hydrogen and the 
exchangeable nutrients, i.e. with increasing amounts of cations the acidity 
also increased; and that in the surface layer there was no correlation between 
them. In explaining the phenomenon, no other cause was found apart from 
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that in the subsoil the degree of base saturation in the minerals that in- 
fluence the cation exchange is perhaps about 50 per cent. This question, 
like the question of leaching, cation-exchange capacity and degree of base 
saturation of the nutrients, will be examined in greater detail in a later 


paper. 
Biological Effects of Burning 


That part of the vegetation that is above the ground is almost completely 
destroyed by prescribed burning, but a lot of subterranean regenerative 
organs remain alive. It can be seen from the diagrams showing the develop- 
ment of the vegetation that grasses and herbs are the first to appear on a 
burn, but that their quantity, especially that of the herbs, quickly decreases 
while there is an increase of mosses, lichens and dwarf shrub. This takes 
place concurrently with the closing-in of the sapling stand. In other words, 
there is at first a short period when herbs are dominant, then a longer period 
of grasses. On the oldest sites the coverage of dwarf shrub had reached its 
normal level. The coverage of lichens on the oldest sites was 5 times the 
normal, while that of the mosses was only half the normal. The observations 
made by Uggla (1967) conflict almost totally with these. The difference 
may be due chiefly to the fact that the study by Uggla was made on 
much more barren lands and in a colder climate than the present study. 

The speed of decomposition varies for plant species and litter of various 
kinds. It is not possible to construct an accurate scale of the rate of decom- 
position, but in general the herbs are the quickest to decompose, followed 
by the leaves of deciduous trees and blueberry, conifer needles, grasses, 
heather and lingonberry leaves and lastly the mosses and lichens (Mikola 
1954, Viro 1955). There is a great amount of roots of trees and dwarf 
shrubs in the humus layer, and it would seem that the decomposition of 
the latter in particular is slow. 

Part of the nitrogen in the humus was converted during burning into 
the ammonia form. Some of this nitrogen became bound to the humus that 
remained unburned. Yet a high percentage of the humus nitrogen evidently 
escaped together with the burning gases in various compounds. The amount 
of ammonia nitrogen measured directly was, in the second year, double that 
of the control site, while the amount measured in incubation was less than 
on the control site. According to Overrein (1967), there occurs in 
incubation at a temperature of 20°C a rapid immobilization of mineral 
nitrogen, and in the present work too a substantial part of the nitrogen 
that was mineralized in incubation obviously became biologically bound. 
The decrease in acidity caused by the burning is favourable to nitrification, 
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and this could be seen in the incubated samples throughout the research 
period. According also to Heikinheimo (1917), Hesselman 
(1917) and Eneroth (1928), nitrification is increased by burning. 

CO, evolution is generally employed as a measure of biological activity. 
There was no correlation between acidity and CO, evolution. The correlation 
coefficient between the amounts of ammonia nitrogen and CO, evolution 
was 0.56*** on the burned sites and 0.39*** on the control sites. There 
was no correlation between nitrate nitrogen and CO, evolution. 

On average, 1.96 mg per 100 g of nitrate nitrogen was generated in 
incubation in burned humus, and 1.34 mg per 100 g in unburned. The 
quantities depended to some extent on the acidity of the humus; the corre- 
lation coefficient between the pH and the amount of nitrate was 0.38*** 
on burned sites (0.51*** if the samples of the year of burning are excluded) 
and 0.31** on unburned. In the burned humus 45.8 mg of ammonia nitrogen 
per 100 g was found, and on unburned 63.1 mg per 100g. A significant correla- 
tion with the pH was established only on the unburned land (0.44***), but if 
the samples from the year of burning are excluded, there was a low negative 
correlation between the pH and the quantity of the ammonia (r == —0.24*). 
It is possible that the biological fixation increased so greatly with the acidity 
conditions of the burned sites that no increase was observed in ammoni- 
fication, for unfortunately it was only net ammonification that could be 
measured, and this decreased with decreasing acidity. A less acid reaction 
would on the whole be likely to favour nitrification at the expense of ammoni- 
fication. A lot of ammonia was generated during burning and became partly 
bound to the unburned humus, and could still be found in it the following 
year. This nitrogen was not found in the incubation tests, probably because 
of rapid nitrification in favourable temperature conditions. 

The soil temperature is highly dependent on the thickness of the humus 
layer. The vital processes of plants are dependent on the soil temperature, 
and so in particular is microbial activity. Most of the mineral nitrogen in 
the soil is in the ammonia form. It was pointed out above that the amount 
of ammonia nitrogen in burned samples decreased in incubation (app. 20°C), 
while there was an increase in the amount of nitrate nitrogen. The present 
study does not definitely establish the effects of burning upon the mineraliza- 
tion of nitrogen, for the figures indicate only the net mineralization, and 
this only in laboratory conditions. 

The results now obtained are very similar to earlier results on the effects 
of liming (Viro 1963), i.e. net nitrification increased, and net ammonifi- 
cation decreased, as a consequence both of liming and of burning. The labora- 
tory study mentioned showed that liming had a great effect on the microbial 
population, and most distinctly in increasing the number of nitrogen-fixing 
bacteria when the acidity decreased. The burning of the moss layer and the 
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thinning of the humus layer improve the thermal conditions of the soil, and 
this has a great effect on biological activity in the soil (cf., e.g. Overrein 
1967 a, b). According to our unpublished study, the evolution of CO, doubled 
at a temperature of 12.5°C and quadrupled at 20°C, as compared with a 
temperature of 5°C. It seems evident that the temperature of the humus 
layer in the forests of southern Finland does not generally rise above 10— 
12°C, and that it is always below the optimum for microbes. In northern 
Finland the effect of temperature on humus decomposition is even more 
marked (Mikola 1960). It is thus evident that prescribed burning in 
many ways promotes microbial activity in general and also the mobilization 
of nitrogen. Analyses made immediately after the samples were taken also 
suggest this. 

It is true that the correlation coefficients established were low. No attempt 
was made to seek other factors influencing the biological activity, but it is 
presumed that the most important reason for the low correlations is the 
wide dispersion in the basic material caused by the varying intensity of 
burning. In any case, it is obvious that some of these phenomena depend 
partly on one another or on identical factors. 


Exchangeable Nutrients 


The slash and the humus release a large amount of nutrients, chiefly 
carbonates and oxides, during burning. Magnesium and especially calcium 
are leached out of the humus slowly, potassium and sodium rapidly. In 
mineral soil, leaching occurs in accordance with the theoretical fixation 
capacity of these ions, but initially the abundance of potassium and sodium 
in the soil solution causes leaching of the calcium and magnesium in accord- 
ance with the law of mass action. Most important for the growth of trees 
is the amount of nutrients in the surface layer of the soil, for it is here that 
most of the tree roots occur. In mineral soil to 30 em depth the burned 
sites held total amounts of exchange calcium and magnesium equal to or 
bigger than those of the unburned sites throughout the research period, 
while the amount of potassium was greater for 12 years and that of sodium 
smaller throughout. 

The increase in the total amount of easily soluble phosphorus caused 
by the burning was clearly observable for 3 years only. In the immediately 
following years (4—6), the summed-up amounts to 30 cm depth were of 
almost identical magnitude in both groups, while they were afterwards 
greater on the unburned sites. The difference could be seen most clearly 
in the humus layer. 
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The total amounts of exchangeable calcium, magnesium and sodium in 
the soil layer studied did not evidently change much during burning, for 
the amount taken up by the new vegetation was probably as great as that 
released by the burned slash and humus. Some potassium is leached beyond 
reach of the plants, but the amount cannot be very big. Potassium was leached 
fairly easily from the humus, but was bound fairly well to the mineral soil. 
Compared, with the available potassium resources of the soil, any losses are 
negligible. 

It seems that burning may increase the leaching of phosphorus. The 
total amount of phosphorus in the humus layer was not greater than that 
of the unburned, sites even in the year of burning, and the increase in the 
amount of easily soluble phosphorus was noticed in all soil layers including 
subsoil in the year of burning, which shows that it is fixed poorly to mineral 
soiltoo. In the following 5 years an increased amount of phosphorus was found 
to be distinct only in the surface layer of the mineral soil, while there was 
a decrease twice as great in the amount of phosphorus in the humus layer. 
Yet, the phosphorus was fixed better to the humus layer than was the 
potassium. Despite the increase caused by the burning, the total amount 
of easily soluble phosphorus in the H-30 cm layer was 25 per cent smaller 
on the burned sites than on the unburned sites after 9 years. Subsequently, 
the amounts began to increase, but were still 10 per cent smaller than on 
the control sites at the end of the research period. Some of the phosphorus 
released from the humus layer, however, may have formed compounds with 
iron and aluminium, which do not dissolve in the solvent employed. Con- 
sequently, there can be no question of any great loss of phosphorus. 


SILVICULTURAL SIGNIFICANCE OF PRESCRIBED BURNING 


The purpose of prescribed burning is to speed up the regeneration of a 
forest stand, to improve the fertility of the site, and, when necessary, to 
facilitate a change in the species of trees. Where the silvicultural effects of 
fire are concerned, a distinction must be made between wild forest fires and 
controlled burning, i.e. prescribed burning. Forest fires usually start during 
periods of drought, and their effect may be much greater than that of 
prescribed burning. 

The fertility of a site depends chiefly on water, temperature and nutri- 
ents. On morainic soils, and usually on water sediments, too, there is at least 
a satisfactory supply of water, although the most barren sites have only 
enough water for pines. In southern Finland the temperature is usually not 
the most important growth-restricting factor, but it becomes increasingly 
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Fig. 15. A well-burned stony morainie soil. VT. Simpele. Burned June 1966. Photo August 1966. 


important towards the north. However, it is known that the temperature 
of the soil, especially under a thick cover of moss and humus, is far below 
the optimum, e.g. for microbial activity, even in southern Finland. According 
to fertilization experiments, upland soils have a shortage chiefly of available 
nitrogen. There is a shortage of phosphorus on fertile sites only, and especially 
if the growth has been boosted by nitrogen fertilization. Only exceptionally 
has a shortage of potassium been found in fertilization experiments. 
Prescribed burning affects all the above growth factors (cf. also Mele- 
hov 1966). The effect on the moisture of the soil is ambivalent. A moss 
and humus layer hold rainwater well, and also hinder evaporation. Depending 
on the circumstances, the effect of burning on the soil moisture may thus 
be favourable or unfavourable. The effect on the temperature factor is almost 
exclusively favourable. Only if the humus layer is completely burned can 
the temperature of the mineral soil rise so high on the hottest days that 
seedlings may die (cf. Vaartaja 1950). The effect of burning on the 
availability of nutrients of the soil is also almost exclusively positive. Special 
attention is drawn to its effect on the mobilization of nitrogen. True, burning 
does decrease the total amount of nitrogen in the soil, but this is obviously 
of no importance for the fertility of the site. The effect of burning on the 
possible leaching away of phosphorus must be regarded as being unfavour- 
able. The quantities in question, however, are very small ones. The most 
fertile sites, where the problem of a shortage of phosphorus may arise, are 


Fig. 16. Burning of this intensity can be recommended. VT. Pylkönmäki. Photo June 1960. 


generally not burned. On the other hand, the growth on the most barren 
sites is chiefly dependent on moisture and available nitrogen, and no primary 
shortage of phosphorus has been found there. 

In terms of site fertility, the herbs are the most exacting form of vege- 
tation, followed by the grasses. The abundance of both of these on burned 
sites, and especially of herbs, is a result not only of a lack of competition 
but also of the good dynamic nutrient and moisture conditions. The abun- 
dance of grasses and herbs on young burned sites may consequently lead 
to an overestimation of the static fertility if the site-type classification of 
Cajander (1949) is used, and the abundance of lichens on older burned 
sites to an under-estimation. In the forest, fire destroys the undergrowth 
trees and other vegetation and the slash and part of the humus layer. The 
burning of slash may be harmful in the sense that it may have protected 
the seedlings against the pressure of snow in winter and excess heat in 
summer; but probably of greater importance is the release of the nutrients 
contained in the slash, which may take a very long time in natural circum- 
stances. The elimination of the slash decreases the need for human labour 
in reforestation, and facilitates the work of machines. There is hardly any 
harm in burning the moss layer, while the conversion of its nutrients into 
a utilizable form is desirable, and it is very significant that the burning 
of the moss layer improves the thermal conditions of the soil and the pre- 
conditions for the seedling stock. The burning of most of the humus layer 
can generally be regarded as being favourable for the same reasons. According 
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to Sarvas (1937 b) and Mikola etal. (1964), pine seedlings definitely 
grow better on intensely burned places than on slightly burned or unburned 
places. Burning may destroy the mycorrhizae in a thin layer of surface 
soil only. 

A total burning of the humus layer, however, is not to be regarded as 
being desirable, nor is prescribed burning to be recommended on land with 
a thin layer of humus. Such land is generally barren, usually because of 
the poor water-holding capacity of the soil, and released nutrients are quickly 
leached away. After an intense fire, lands of this type may remain unforested 
for decades. Aaltonen (1945) warns against burning on dry and stony 
uplands. It seems, however, that prescribed burning can well be recommended 
for stony morainic soils. On these, there is a thick layer of humus between 
the stones (Viro 1958), and the danger that all the humus will be burned 
up is not a very great one. After burning, reforestation is also technically 
much easier on these soils. According to Borg (1931), burning is not 
suitable for lichen heaths. Nor is it suitable for the most fertile soils, unless 
there is actual swale cultivation. According to Mr. V. Seppänen, fertile 
lands too can be burned, but these must be burned more intensely than 
normal in order to destroy the root systems of the grasses (oral report). 


Fig. 17. Severe wild forest fire burned the tree stand of this barren CT-site on esker gravel in 1930. 
Sown and planted several times. Seedlings 0.5 to 2 m high. Snowcover 30 em. Oripää. Photo S. Saarni- 
joki April 1969. 
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Fig. 18. An one-year-old burn of very stony Fig. 19. Seedling stand of the same hillock 8 
VT moraine hillock. Lammi. Author’s photo years later. Fully satisfactory reforestation. 
August 1960. Photo E. Paavola January 1969. 


The favourable effect of burning in promoting stocking with seedlings 
is generally recognized. According to the growth and yield tables of Ilves- 
salo (1920), the average height of a VT-MT pine stand is about 4 metres 
at an age of 20, and about 7 m at age 30 years. When the former length 
of time had elapsed after burning, a rapid decrease in grass and herb vegeta- 
tion was observed, which was evidently a result of the closing-in of the 
stand. It has not been possible to compare the growth of seedlings on burned 
sites with those growing on unburned sites, for it was not possible to obtain 
enough adjacent and identically aged forest stands of these two types, but 
this growth is probably at least as great as indicated by the figures of Ilves- 
salo. According, e.g. to Vuori (1913) Hesselman (1917), En e- 
roth (1928, 1931) and L. Borg (1935), a very well growing stand of 
pines may emerge on burned land. According to Eneroth, the good 
growth of the seedling stand on burned land, even after the termination 
of nitrification, is a result of the fact that burning favours deciduous trees, 
whose litter decomposes rapidly. It seems that the abundance of grass and 
herb vegetation in the years subsequent to burning is at least as important. 
As a consequence of decreased acidity on the burned sites, nitrification too 
was greater than normal and showed a tendency to increase in the oldest 
age groups. There are also more mineral nutrients on the burned than on 
unburned land for decades after burning, a possible exception being phos- 
phorus. 

According to Wiebeck (1932, 1959), a pine stand grows better on 
burned, land than on unburned land, while spruce grows worse. According 
to Uggla (1967), spruce grows well initially on a burned site, but after 
a few years it grows better on unburned land. Spruce has not been used 
in Finland in the reforestation of burned sites. Actually, one of the most 
important reasons for prescribed burning is the poor growth of spruce on dry 
upland soils, where pine would be the most advantageous species economic- 
ally. Spruce may be the dominant tree species there, or may occur as a thick 
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Fig. 20. Vigorous grass vegetation 3 years after Fig. 21. Same place 7 years later. Grass has 

burning, mainly Calamagrostis arundinacea. not hindered reforestation. No measures were 

VT. Ruokolahti. Author's photo August 1961. taken to prevent grass growth. Snowcover 60 
cm. Photo H-P. Blauberg January 1969. 


stand of saplings under the pine stand. In either case, cutting will result 
in a spruce stand of stunted growth. Fire is an extremely effective way of 
destroying a thick stand of spruce saplings or a stand of spruce of small 
or stunted growth. 

When natural reforestation or planting is employed, an abundance of 
easily soluble salts may destroy the seedlings at the cotyledonal stage. The 
spruce seedlings especially are easily destroyed at this stage (Heikin- 
heimo 1915). This danger is smaller in artifical forestation, for burning 
does not greatly affect the concentration of nutrients in mineral soil. Thus 
prescribed burning must generally be regarded as being advisable in most 
cases in respect of the water, temperature and nutritional conditions of the 
soil. In general, burning has a favourable effect on those very factors of 
growth which are in unsatisfactory supply. 

Prescribed burning also has disadvantages. If lands with thin humus 
layers are burned too intensely, the whole humus layer may be consumed. 
This may produce unfavourable thermal and moisture conditions, and 
regeneration may take decades. There are plenty of cases of this type as 
a result of wild forest fires, for forest fires usually occur during the driest 
periods of the summer. 

During the gathering of the material for the present study no burned-site 
place was found that had remained unforested, although some of these plots 
were on fairly coarse soil with thin humus. It seems evident that a total 
burning of humus occurs only in very dry periods. If a barren upland has 
an abundant growth of heather or of stunted spruce, prescribed burning 
can well be recommended. for its destruction, but the burning should be 
done at such a speed that it destroys only the harmful competitor and not 
all the thin humus layer. The fear that the humus layer would be burned 
all too thoroughly probably derives from an examination of the difficulty 
of reforestation after certain wild forest fires. 
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In some cases the burned site may produce such a lush ground vegetation 
that this interferes with the growth of the seedling stock. The effect of 
grass growth in preventing reforestation, however, has obviously been 
exaggerated (cf. p. 18 and figs. 20—21). In recent years a great amount 
of Rhizina undulata has been found on burned sites, and this may have 
destroyed the young stock of seedlings almost completely. Observations 
made of this fungus indicate that its occurrence shows great variation, and 
the possibilities of countering it are still unknown. According to the obser- 
vations made by Mr. E. Paavola, the occurrence of Rhizina is an 
indication that the burning was not intense enough (oral report). 

Among factors restricting the employment of prescribed burning are 
those of weather conditions, for these may entirely preclude prescribed 
burning in a wet summer, for then the humus will not burn sufficiently, 
and in a dry summer on account of the danger of forest fire. Also, the period 
suitable for prescribed burning may be a very short one. Consequently, when 
forest work is being planned it is never possible to fix any definite prescribed. 
burning date in advance. On small sites, prescribed, burning with subsequent 
supervision may be fairly expensive. On the other hand, large prescribed 
burns (up to 3 000 hectares) have generally produced poor results. However, 
there have been large-scale burns only in northern Finland, and the reason 
for poor development of seedlings may be, e.g. the wrong provenance of 
the seed. 

A comparison between the advantages and the disadvantages of prescribed 
burning leads to the conclusion that the advantages clearly outweigh the 
disadvantages. The most important advantages are the improvements in the 
nutrient and thermal conditions of the soil, and the opportunity of selecting 
a species of tree that is suitable for the site. Some of the favourable effects 
of prescribed burning are sought through fertilization, scarification and 
tilling, ete. However, none of these can produce all the benefits of pre- 
scribed burning. 


SUMMARY 


The main purpose of the present study was to examine the effects of 
prescribed burning on the nutrient status of the soil. The material comprises 
92 sample plots that had been burned from 1 month to 50 years previously, 
and also unburned control sites. 

Prescribed burning destroys that part of the vegetation that is above 
the ground, and only the subterranean organs of regeneration survive. After 
burning, the land was first dominated by herbs for a short period, and, then 
by grasses for a longer period, during which times their amounts greatly 
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exceeded the normal levels. The amount of dwarf shrubs on the oldest 
burned sites was about to reach the normal level. The amounts of mosses 
and lichens stabilize slowly, and in 50 years the former had reached half 
its normal level and the latter 5 times its normal level. 

Some of the nitrogen of the humus layer was converted during the 
burning into the ammonia form. Burning decreased the acidity of the soil 
and thus promoted nitrification. A lot of nutrients were released from the 
burned organic matter, and in 50 years the nutrient situation reverted 
almost to its former level. The burning may have caused a slight leaching 
away of phosphorus to a distance beyond the reach of the tree roots, 
but losses of other mineral nutrients were evidently negligible. Most 
distinct was the loss that burning caused in the nitrogen of the humus layer, 
but this did not affect the fertility of the site. 

The chief purpose of prescribed burning is to facilitate pine reforestation, 
especially on dry uplands that bear spruce or a thick spruce undergrowth 
and also wherever there is a thick layer of humus. As to the nutrient status 
of the soil, prescribed burning is to be recommended, for the nutrients bound 
in the humus will then become available and some of the organic nitrogen 
will be converted into the forms of ammonia and nitrate. Too, the thinning 
of the humus layer has a favourable effect on the thermal conditions of 
the soil. As tothe nutrient and temperature status of the soil, it would be 
preferable if the humus layer were burned up almost completely; but the 
efficiency of prescribed burning depends greatly on the weather conditions. 

Prescribed burning may be recommended for reforestation whenever the 
humus layer is thick or when a pine stand, is desired on a barren site bearing 
a spruce stand or a dense growth of dwarf spruces. 
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